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System and Method for Placing Endocardial Leads 

Related Applications 

This Application claims priority to provisionally-filed U.S. Patent Application 
Serial Number 60/259,054 filed December 29, 2000 entitled "System arid Method for 
Placing Endocardial Leads", which is incorporated herein by reference in its entirety. 

Field of the Invention 

The present invention relates generally to a system and method for placing one or 
more implantable cardiac leads within a coronary artery or cardiac vein; and more 
particularly, relates to using a guidewire to deploy one or more endocardial leads, 
wherein the guidewire includes a fixation means to retain the desired site of implant 
during the deployment process. I 

Backgroxmd of the Invention 

Implantable medical electrical stimulation and/or sensing leads are well known in 
the fields of cardiac stimulation and monitoring, including cardiac pacing and 
cardioversion/defibrillation. In the field of cardiac stimulation and monitoring, 
endocardial leads are placed through a transvenous route to locate one or more sensing 
and/or stimulation electrodes along, or at the distal end of, the lead in a desired location 
within a heart chamber or interconnecting vasculature. In order to achieve reliable 
sensing of the cardiac electrogram and/or to apply stimulation that effectively paces or 
cardioverts the heart chamber, it is necessary to accurately position the electrode surface 
against the endocardixmi or within the myocardium at the desired site arid fix it during an 
acute post-operative phase until fibrous tissue growth occurs. 

The pacemaker or defibrillator implantable pulse generator (IPG) or the monitor is 
typically coupled to the heart through one or more of such endocardial leads. The 
proximal end of such leads typically is formed with a connector that connects to a 
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terminal of the IPG or monitor. The lead body typically comprises one or more insulated 
conductive wires surrounded by an insulating outer sleeve. Each conductive wire couples 
a proximal lead connector element with a distal stimulation and/or sensing electrode. An 
endocardial cardiac lead having a single stimulation and/or sensing electrode at the lead 
distal end and a single conductive wire is referred to as a unipolar lead, i An endocardial 
cardiac lead having two or more stimulation and/or sensing electrodes ^t the lead distal 
end and two or more conductive wires is referred to as a bipolar lead or a multi-polar 
lead, respectively. 

In order to implant an endocardial lead within a heart chamber, a transvenous 
approach is utilized wherein the lead is inserted into, and passed through, the subclavian, 
jugular, or cephalic vein and through the superior vena cava into the right atrium or 
ventricle. An active or passive fixation mechanism is incorporated into the distal end of 
the endocardial lead and deployed to maintain the distal end electrode in contact with the 
endocardium position. 

More recently, endocardial pacing and cardioversion/defibrillation leads have 
been developed that are adapted to be advanced into the coronary sinus and coronary 
veins branching therefrom in order to locate the distal electrode(s) adjacent to the left 
ventricle or the left atrium. The distal end of such coronary sinus leads is advanced 
through the superior vena cava, the right atrium, the ostium of the coronary sinus, the 
coronary sinus, and into a coronary vein communicating with the corollary sinus, such as 
the posterior lateral vein, mid-cardiac vein, or the great cardiac vein. Typically, coronary 
sinus leads do not employ active fixation mechanisms and instead rely on the close 
confinement within these vessels, and general lead body properties of stiffness and shape, 
to maintain each electrode at a desired site. 

Routing an endocardial lead along a desired path to implant the electrode or 
electrodes in a desired implantation site, either in a chamber of the heart or in the selected 
cardiac vein or coronary artery, can be difficult. This is particularly true for navigating 
leads through the coronary sinus and into a branching vein on the left myocardium. 
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Anomalies in the vascular anatomy and the number of branch veins associated with the 
anatomy make locating the desired path challenging. 

Several common approaches have been developed to place electrodes within the 
left side of the heart. According to one approach, a guide catheter is steered into the 
desired location in the vasculature. A lead is then fed through the innerj lumen of the 
catheter such that the lead electrode(s) are positioned at predetermined locations . The 
guide catheter may then be withdrawn. This type of approach is described in commonly 
assigned U.S. Patent Numbers 6,006,137, 5,246,014, and 5,851,226 incorporated herein 
by reference. The described systems employ highly flexible, catheters surrounding the 
lead body. One difficulty with systems that completely surround the cardiac lead is 
that permanently implantable endocardial leads are formed typically with a proximal 
connector end assembly having a diameter exceeding that of the lead body. These 
connectors are designed to conform with an industry standard so that thb connector mates 
with an IPG standard connector bore. Consequently, the introducer has to be made large 
enough to fit over the enlarged diameter connector end assembly. This detracts from the 
ability to advance the introducer and lead assembly through small diameter blood vessels. 
A smaller introducer that is designed to be split or slit may be used in the altemative, but 
these types of introducer are more difficult to manufacture. Yet another approach 
involves use of a lead without a connector end assembly, or with a smaller, non- 
conforming connector end assembly. Such a lead must be coupled to an adapter before it 
conforms to a standard, which is both inconvenient, and can result in a diminished 
reliabihty. 

Another approach to lead placement involves the use of a guidewire that is steered 
into a desired location within the vasculature. The lead body is then tracked over-the- 
wire and the wire is withdrawn. According to this design, the guidewire passes through 
an inner lumen of the lead for an entire length of the lead. This results in a significant 
amount of fiiction that can make lead placement difficult. Additionally, since the lead 
must include an inner lumen for the guidewire, the size of the lead is at least somewhat 
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dictated by the size of the guidewire. Moreover, to accomplish lead placement in this 
manner, the lead must be stiff enough to allow it to be advanced over the guidewire 
through the tortuous curves of the vasculature. 

One way to minimize drag is to provide a "siderail" lead that includes means for 
tracking a guidewire at only a predetermined portion of the lead distal tip. This type of 
lead system is disclosed in U.S. Pat. No. 5,003,990, also incorporated by reference herein. 
This system relies on a guidewire and a carriage that releasably engages the distal 
electrode and is pushed along the guidewire as the lead body is pushed along the 
transvenous path. The guidewire is first introduced along one of the above-described 
desired paths, and the carriage engaging the distal electrode is placed over the proximal 
end of the guidewire and introduced into the blood vessel. Force is exerted against the 
lead body to push the carriage and the distal end of the lead body distally along the 
guidewire until the distal electrode is near to the desired site. The electrode is disengaged 
from the carriage, and the carriage is retracted along the guidewire by pulling on another 
wire attached to the carriage or by the retraction of the guidewire. Such retraction of the 
relatively bulky carriage presents the possibiUty of damage to an artery or vein by the 
carriage. Because of unintended movement of the guidewire that typically occurs during 
the process of disengaging the electrode from the carriage, the distal end of the lead will 
not necessarily be positioned at the desired implant location. As a result, some other 
mechanism may be needed to re-position the electrode. This adds time and complexity to 
the implant procedure. 

In a further approach disclosed in U.S. Pat. No. 5,304,218, incorporated by 
reference herein, a cardiac lead is formed with a channel in the distal tip that receives a 
guidewire that has already been advanced through the path to the cardiac implantation 
site. The lead is pushed over the guidewire to the cardiac implantation site where the 
guidewire is withdrawn and the lead is either fixed in place or left at the cardiac 
implantation site. There is no disclosure of how this approach could be used to advance a 
cardiac lead having an active or passive fixation mechanism at or near the channel in 



P-9327.00 



PATENT 



5 

the distal end of the lead body. 

In both of the above-described approaches, the lead body must possess sufficient 
column strength to allow it (as well as the carriage of the '990 patent) to be pushed from 
the proximal end outside the patient's body and along the guidewire. The lead body 
diameter and/or construction materials that are required in order to makp the lead 
body stiff enough to accomplish this over-the-wire advancement method necessarily 
make the lead body larger and less flexible than is desirable to withstand the rigors of 
chronic flexing as described above. The over-the-wire approach is classically employed 
in advancement of balloon catheters for Percutaneous Transluminal Coronary 
Angioplasty (PTCA) use which is intended to be of short duration. 

Other similar over-the-wire approaches have also been disclosed. U.S. Patent 
Number 6,129,749 to Bartig et al, which is incorporated herein by reference, describes a 
lead body having an electrode support structure at the distal tip that includes a lumen for a 
guidewire. The support structure is passed over the guidewire until the electrode is 
positioned in the desired location, and the guidewire is then removed leaving the 
electrode in place. U.S. Patent Number 5,755,765 to Hyde et al, incorporated herein by 
reference, discloses a lead having a guide loop near the distal tip for advancing over a 
guidewire to an implant site. U.S. Patent Number 5,902,331 to Bonner| et al., which is 
incorporated herein by reference, describes a tracking mechanism that may be coupled to 
a lead body, and that may be pushed via a pusher over an elongated guide body to a 
desired implant site. U.S. Patent 5,803,928 to Tockman et al., which is incorporated 
herein by reference, discusses an over-the-wire pacing lead having a side access port for 
being slid over a guidewire to a desired implant position. 

One problem with the systems described in the foregoing patents is that no 
anchoring mechanism is provided to maintain the guiding device such as the guidewire in 
a stationary position while the leads are being advanced to the desired itnplant site. This 
can cause the guidewire to become dislodged. What is needed is some type of anchoring 
mechanism that can be utilized while one or more leads are steered into position. This 
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anchoring mechanism must be retractable so that the guiding device may be withdrawn 
from the vasculature without disrupting lead placement. Ideally, the guiding device could 
also be used to facilitate fixation of the electrode to the vasculature. 

Summary of the Invention 

The current invention provides an improved system and method, for deploying 
medical electrical leads. According to one embodiment, a guiding device such as a 
guidewire is used to navigate the vascular system of a body. The guiding device includes 
a fixation member that can be deployed to maintain the guiding device at a desired 
location within the vascular system. The fixation member may be an inflatable device 
such as a balloon. Alternatively, the fixation member may be an expandable device 
constructed of flexible fibers that has both an expanded and a contracted state. 

According to another aspect of the invention, the system includes a coupling 
member located adjacent to the guiding device. For example, the coupling member may 
be a rail extending between the proximal end of the guiding device and la point proximal 
to the fixation member. The coupling member is adapted to slidably engage an electrode 
assembly in a manner that allows the electrode assembly to be deployed from the distal 
end of the coupling member. The electrode assembly may be advanced to the distal end 
of the coupling member by applying force to a lead coupled to the electrode assembly, or 
by utilizing a pusher rod. According to one aspect of the invention, the rail member may 
include means to prevent the electrode from twisting laterally around the rail member as 
the electrode assembly is deployed. During electrode deployment, the guide device is 
maintained at a stationary location via the fixation member. 

To deploy additional electrodes, the fixation member may be placed in a partially 
contracted or deflated state and the guiding device re-positioned. When located at a 
second predetermined implant site, the fixation mechanism is again deployed to stabilize 
the position of the guiding device. Then another electrode may be deployed in the 
manner discussed above. 
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In one embodiment of the invention, the coupling member slidably engages the 
guiding device. For example, the coupling member may be a rail member that slidably 
engages a channel of the guiding device. In this embodiment, the rail member may be 
readily re-positioned to multiple implant sites to deploy more than one electrode while 
the fixation mechanism remains stationary within a patient's vascular system. In an 
alternative embodiment of the invention, the coupling member is a channel included in 
the body of the guiding device adapted to engage a coupling member located on an 
electrode assembly. 

According to one aspect of the invention, the guiding device includes a lumen to 
deliver a contrast agent such as ISOVUE® (iopamidol) flouro visible medium to the 
environment surrounding the guiding device. This allows a patienf s vaiscular system to 
be viewed using a fluoroscope so that more accurate lead placement m^y be 
accomplished. In one embodiment of the system, the lumen is included within the 
coupling mechanism. 

Other scopes and aspects of the invention will become apparent to those skilled in 
the art from the following description and the accompanying drawings. 
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Brief Description of the Drawings 

Figure 1 A is a cross-sectional side view of a guidewire including a siderail. 

Figure IB is a cutaway side view of another embodiment of the guidewire 
including a siderail. 

Figure IC is a cross-section view of the guidewire of Figure IB at line IC-IC. 

Figure ID is a cross-section view of the guidewire of Figure IB at line ID-ID. 

Figure IE is a cross-section view of the guidewire of Figure IB at line IE- IE. 

Figure 2 is a cutaway, enlarged side view of a guidewire, including a flexible 
sheath bonded to the distal end portion of the guidewire. 

Figure 3 is a cutaway side view of guidewire located within a vessel of a body and 
with sheath inflated to form a balloon that contacts the walls of the vessel. 

Figure 4 is a cross-sectional view at line 4-4 of Figure 1 illustrating the side rail 
design coupled to an electrode assembly. 

Figure 5 A is a perspective side view of electrode assembly when the opening of 
the electrode assembly is in an expanded state to load the electrode assembly onto a 
guidewire. 

Figure 5B is a perspective side view of electrode assembly when opening is 

closed. 

Figure 5C is a cross-sectional end view of the electrode assembly illustrating the 
manner in which tines extend when the electrode assembly is deployed] 

Figure 6 is a side plan view of the electrode assembly, and further illustrates lead 
body coupled to the electrode assembly. 

Figure 7A is a cross-sectional view of a guidewire wherein the side rail is 
shdably coupled to the guidewire. 

Figure 7B is a cross-sectional view of a guidewire having a slidable side rail 
formed in an "H" configuration. 
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Figure 7C is a cross-sectional view of a guidewire having a slidable side rail 
formed in an " Y" configuration. 

Figure 7D is a cross-sectional view of a guidewire having a slidable side rail 
formed in an "K" configuration. 

Figure 7E is a cross-sectional view of a guidewire having a slidable side rail 
having a second rail to engage an electrode assembly. 

Figure 7F is a cross-sectional view of a slidable side rail at line 7F-7F of Figure 1 
and further illustrates a fastening device to maintain the side rail at a predetermined 
position with respect to the guide wire. 

Figure 8 is a cross-sectional view of an electrode assembly including a side rail. 

Figure 9 is a cross-sectional view of a tubular electrode assembly positioned over 
the guidewire of the current invention. 

Figure 10 is a plan view of guidewire within a vessel with multiple electrode 
assemblies positioned over the guidewire at various implant sites within the vessel. 

Figure 1 1 is a plan view of the current inventive guidewire located within the 
vascular system of a human heart, with multiple electrode assemblies ppsitioned over the 
guidewire at various implant sites. 

Figure 12A is a cross-sectional view illustrating another embodiment of the 
guidewire that includes a second lumen for delivering fluoro visible media. 

Figure 12B is a cross-sectional view illustrating another embodiment of the 
guidewire of Figure 12A wherein the lumen for delivering fluoro visible media is 
included in a side rail. 

Figure 13 is a top plan view of the guidewire similar to that of Figure 12A 
including a delivery port for delivering fluoro visible media located distal to the balloon. 

Figure 14A is a side cutaway view of a self-expanding basket-like fixation 
member formed of braided flexible threads before the fixation member has been 
deployed in a body. 
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Figure 14B is a plan view of the fixation member of Figure 14A after the fixation 
member has been deployed. 
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Detailed Description of the Preferred Embodiment 

The current invention provides a system and method for introducing one or more 
electrodes into cardiac veins or coronary arteries. The system includes a low profile 
guiding device having a fixation mechanism at the distal tip for anchoring the guiding 
device in position while one or more electrodes are advanced over the body of the 
guiding device. In one embodiment, the fixation mechanism is capable of retracting such 
that it is co-axial with the guiding device for easy withdrawal of the device after electrode 
placement is complete. 

Figure 1 A is a cross-sectional side view of a guidewire 10 including a proximal 
end portion 12 and a distal end portion 14, which may be of a standard length of 175 - 
310 cm long, or which may be of a non-standard length. The guidewire of the preferred 
embodiment has an elongated tubular body 15, and may have an outer diameter of 
between .014 and .038 inches at the proximal end portion. Preferably, the outer diameter 
of the proximal end portion is approximately .018 inches. The tubular body 15 may be 
formed of a flexible metal tubing, which may be a superelastic alloy such as nitinol 
tubing commercially available from Shape Memory Applications, Inc. of Santa Clara, 
California, or Raychem Corporation of Menlo Park, Cahfomia. 

The nitinol tubing includes a narrowed region 16 that may be created using a 
machining or etching process to form a portion of the tubing with a decreased diameter 
that is between approximately .003 - .010 inches smaller than the rest of the tubing. The 
narrowed region in one embodiment may be between approximately ,010 and 1 inch long. 
The nitinol tubing may fiirther include an inflation lumen 18 extending from an inflation 
port 20 located at the proximal end portion 12 to the narrowed region 16. The inflation 
lumen is coupled to the external surface of the narrowed region 16 by one or more 
openings 22, as will be described firrther below. 

In one embodiment, distal end portion 14 of guidewire 10 is a tapered atraumatic 
distal tip that is terminated with a rounded tip fixture 24. The distal end of the tapered tip 
may have a diameter ranging from approximately .010 to .030 inches. This reduced tip 
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stiffness helps prevent perforation of the coronary vasculature during guidewire 
placement. Variable stiffnesses at the distal tip can be achieved by step grinding tapers of 
differing diameters. The flexible tip may be reinforced with a spring coil 25 having a 
diameter that provides a constant outer diameter for the distal end portion 14 of guidewire 
10. This coil, which is preferably formed of a platinum wire, may be welded, soldered, or 
bonded with a medical grade epoxy to the rounded tip fixture 24 and to the distal end 
portion 14. Alternatively, a stainless steel or nitinol wire may be used. , Non-tapered 
versions of the guidewire distal tip may also be employed, such as those shown and 
described in commonly-assigned U.S. Patent Numbers 5,746,701 and 5,916,178 to Noone 
et al., both incorporated herein by reference in their entirety. In one embodiment, the 
guidewire may include a lubricious coating such as PTFE to reduce the coefficient of 
fiiction when the guidewire is placed in the vascular system. 

Guidewire 10 may further include a coupling member such as side rail 26 that 
extends from the proximal end of the guidewire to distal end 27 of side rail located 
proximal to the narrowed region 16. This side rail 26 is designed to engage an electrode 
structure in a manner to be discussed further below. The side rail may also include a 
lubricious coating in the manner discussed above. 

Figure IB is a cutaway side view of another embodiment of the guidewire. This 
embodiment includes a side rail 26A that has a flexible extension 28 at the proximal end 
that is not coupled to the body of the guidewire. This extension may be flexed away from 
the guidewire body to allow an electrode assembly to be more readily loaded onto the 
siderail in a manner to be discussed below. The embodiment of Figure IB further 
includes a distal end portion 14A that includes a wire 30 surrounded by spring coil 25, 
and including a rounded tip fixture 24. The wire, which may be formed of a shape 
memory alloy such as nitinol, is attached by fitting the proximal end of the wire into 
lumen 1 8 of the guidewire. The wire may be attached via welding, soldering, brazing, or 
using a medical adhesive. This embodiment of the distal end portion 14A has the 
advantage of not requiring a machining process such as step-grinding. The proximal end 
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of guidewire is coupled to a hub 3 1 having a luer taper and grip members 33. Finally, 
this Figure illustrates a layer of epoxy 32 or a medical adhesive, deposited in the 
narrowed region 16 to adhere to a flexible sheath 202 in a manner to be discussed further 
below. 

Figure IC is a cross-section view of the guidewire of Figure IB at line IC-IC. 
This view illustrates inner lumen 18 and elongated tubular body 15. This view further 
illustrates hub 31 with the grip members 33. 

Figure ID is a cross-section view of the guidewire of Figure IB, at line ID-ID. 
This view illustrates inner lumen 18, elongated tubular body 15, and side rail 26. 

Figure IE is a cross-section view of the guidewire of Figure IB at line IE- IE. 
This view includes inner lumen 18, and further shows the distal end 27 of the side rail 26. 

Figure 2 is a cutaway side view of guidewire 10, and further shqws a sheath 202 
bonded to narrowed region 16. In the preferred embodiment, sheath 202 is selected to 
have a thickness that matches the depth of the narrowed region so that the outer surface of 
the sheath is substantially co-planar with the outer surface of the guidewire. The sheath 
may be comprised of a material having a very high elastic limit. Examples of such 
materials include synthetic polyisoprene latex HT-300 having a thickness of 
approximately .002 to .004 inches. Other suitable materials include SIS/SBS copolymer 
blend, also having a thickness of approximately .002 to .004 inches. Both of these 
materials are commercially available from Apex Medical Technologies, Incorporated. 
The sheath is bonded to the guidewire at both the proximal and distal ends of the 
narrowed region 16 using a bonding agent such as cyanoacrylate. For example, 
Superbonder 4981 cyanoacrylate commercially available from the Loctite Corporation 
may be used for this purpose. 

Referring to Figures 1 A and 2, the sheath may be inflated with a fluid, which is 
preferably a gas, by inserting a syringe in inflation port 20. Because the sheath is formed 
of a highly elastic material, the inflated sheath, which forms an inflated, or balloon-like, 
structure, expands sufficiently to contact the wall of a vessel in which it is positioned. 
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This provides a fixation means that maintains the guidewire in a fixed position as will be 
discussed below. The highly elastic properties of sheath 202 also allow the balloon to 
deflate such that the outer surface of the sheath is substantially co-axially ahgned with the 
outer surface of the guidewire to thereby provide a very small profile. 

Figure 3 is a cutaway side view of guidewire 10 with sheath 202 inflated to form 
balloon 300, which contacts the walls of vessel 302. This contact maintains the 
guidewire at the implant site during deployment of electrodes. 

As discussed above, the guidewire assembly of the current invention is designed 
to slidably engage an electrode, which may then be advanced to a predetermined implant 
site. In one embodiment of the invention, the side rail 26 is provided to engage the 
electrode assembly. 

Figure 4 is a cross-sectional view at line 4-4 of Figure 1 A illustrating the side rail 
design coupled to one embodiment of an electrode assembly. Figure 4 illustrates tubular 
body 15 of the guidewire 10 surrounding inflation lumen 18. Tubular body is coupled 
to, or alternatively formed to include, a side rail structure 26, This side rail 26 is adapted 
to couple to electrode assembly 400 in the manner shown. 

Electrode assembly 400 includes an inner channel 401 and an opening 402 
adapted to slidably engage the side rail 26. This allows the electrode assembly to sUde 
over the side rail 26 to a desired implant site. For example, a push rod assembly (not 
shown in Figure 4) may be used to engage the electrode assembly 400 and push the 
assembly to an implant site in a manner to be discussed further below. 

Electrode assembly may incorporate any type of electrode configuration known in 
the art. For example, it could be a steroid-eluting porous pacing electrode, as described in 
U.S. Pat. No. 4,506,680 to Stokes, and related U.S. Pat. Nos. 4,577,642; 4,606,1 1 8; and 
4,71 1,251. In one embodiment, the electrode is formed of a material such as a shape 
memory alloy that may be temporarily deformed without losing an initial, trained state. 
As shown in Figure 4, the electrode outer diameter may be considerably larger than the 
outer diameter of the guidewire. 
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The electrode assembly may include flexible fixation members shown as tines 404 
in Figure 4. As illustrated in Figure 4, these tines are folded around the body of electrode 
assembly in a closed, non-deployed position when electrode assembly is loaded onto side 
rail 26. A bottom surface 408 of tubular member 15 retains the tines 404 in this position 
until the electrode is deployed in a manner to be discussed below. Wheji the electrode 
assembly is deployed, the tines unfold to a deployed position 410 (shown dashed) as 
illustrated by arrows 405. In this deployed position, the tines contact tissue such as the 
vessel walls of a cardiac vein, allowing the electrode assembly to maintain a stationary 
position at the site of implant. Preferably, these tines are formed of a material such as 
superelastic alloy that may be deformed temporarily while ultimately retaining an initial 
trained shape. 

In one embodiment, electrode assembly is formed of a material that has elastic 
properties to allow it to be deformed while retaining an initial memorized shape. For 
example, the electrode assembly may be formed of a superelastic alloy such as Nitinol. 
In this embodiment, the electrode assembly assumes a closed tubular configuration when 
the electrode is not loaded on guidewire 10. This closed configuration may be expanded 
along a longitudinal seam to form opening 402, thereby allowing the electrode assembly 
to be slid along side rail 26 during deployment. However, after deployment, the electrode 
assembly again re-assumes the closed tubular shape. This is desirable because the closed 
tubular configuration prevents excess tissue in-growth around the electrode assembly that 
would make lead extraction difficult. 

Figure 5 A is a perspective side view of the guidewire 10 and the electrode 
assembly. Opening 402 is in an expanded state as is needed when the assembly is loaded 
onto the guidewire. 

Figure 5B is a perspective side view of electrode assembly when opening 402 is 
closed as occurs after deployment in one embodiment of the invention. 

Figure 5C is a cross-sectional end view of electrode assembly 400 illustrating the 
manner in which tines 404 extend when the electrode assembly is deployed. These tines 
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contact the walls of the vessel at the site of implant to stabilize the electrode assembly 
imtil tissue in-growth begins. 

Figure 6 is a side plan view of electrode assembly 400, and further illustrates lead 
body 600 coupled to the electrode assembly. Lead body may be of any construction 
known in the art, and carries a conductor (not shown in Figure 6) that is coupled to 
electrode assembly 400. This conductor is also coupled to a connector pin residing at the 
proximal end of lead body. The conductor may be a coil, a single or multi-filar cable, or 
any other type of conductor suitable for this purpose. 

As discussed above, the current inventive guidewire may be used to reliably place 
one or more leads at a predetermined implant site. First, the guidewire must be navigated 
to the desired implant site. This may be accomplished with, or without^ the aid of a guide 
catheter. If the former approach is to be utilized, any guide catheters of conventional 
design may be selected, including the catheters described in commonly assigned U.S. 
Patent Numbers 6,006,137 and 5,246,014 referenced above. Some guide catheter suitable 
for use in placing guidewire 10 may include a steering mechanism such as pre-formed or 
shapeable distal tip, or alternatively, one or more pull wires in the side walls. Using this 
steering mechanism, the guide catheter is navigated to a desired implant site such as 
within the coronary sinus or a branch vein. The guidewire 10 may then be advanced 
within the inner lumen of the catheter to the site of implant, and the guide catheter may be 
withdrawn Scorn the patienf s body. 

Once at the general site of implant, the position of the guidewire 10 is adjusted so 
that distal end 27 of side rail 26 is at the predetermined implant site for a first electrode 
assembly. As discussed above, distal end 27 of side rail 26 may include a coating of, or 
altematively may be formed of, a material that is visible under a fluoroscope to aid in this 
positioning step. The guidewire is maintained at the site of implant by injecting a fluid, 
which is preferably a gas, into inflation lumen 18 via inflation port 20 to inflate balloon 
300. Then, in one embodiment of the invention, electrode assembly 400 is loaded onto a 
proximal end of side rail 26. A pusher rod is employed to push the electrode assembly 



P-9327.00 



PATENT 



17 

over the length of the side rail 26 and off the side rail distal end 27 so that the electrode is 
deployed. 

As discussed above, in one embodiment, the electrode assembly may include 
flexible self-expanding tines 404 that are held in a folded, semi-closed, position by 
bottom side 408 of elongated tubular body 15 when the electrode is loaded onto the side 
rail 26. This is illustrated in Figure 4. After the electrode is pushed from the distal end 
27 of side rail 26, the tines unfold in the manner shown in Figures 4 and 5C to contact the 
walls of a vessel. The tines may be formed of a superelastic alloy such as Nitinol, for 
example, such that the tines assume a trained position when not restrained by the bottom 
side 15 of the elongated tubular body 15. 

In one embodiment of the invention, balloon 300 may be used to ftirther secure 
tines 404 within a vessel wall. This is accomplished by partially deflating balloon 300, 
then moving the balloon proximate to electrode assembly 400 within the vessel. Balloon 
300 is then re-inflated, which appUes force against the electrode assembly 400, 
embedding the tines further into the vessel wall. The balloon may then be partially, or 
entirely, deflated so that the guidewire may be re-located. 

To further deploy additional electrodes, the balloon 300 is partially, or entirely, 
deflated and the guidewire 10 is moved so that distal end 27 of side rail 26 is located at a 
second implant site. Most preferably, the second implant site is located at a proximal 
position within the vessel as compared to the first implant site. A second electrode 
assembly may be loaded onto side rail 26 in the manner discussed above, and the pusher 
may be used to deploy the electrode assembly as previously described. Multiple 
electrode assembhes may be deployed in this manner. 

The above-described guidewire requires at least partial deflation of the balloon 
and movement of the guidewire 10 to deploy multiple electrodes. In another embodiment 
of guidewire 10, side rail 26 is slidably coupled to tubular body 15. This allows distal 
end of side rail 26 to be moved without deflating and re-locating balloon 300. 
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Figure 7A is a cross-sectional view of another enabodiment of guidewire 10 
illustrating a side rail that is slidably coupled to guidewire 10. Side rail 26a slidably 
engages a channel 700 in tubular body 15 a. After a first electrode assembly is deployed, 
the proximal end of side rail 26a, which remains outside of the body during the implant 
procedure, may be slid in a proximal direction. When the distal end 27 of side rail 26a is 
at the second site of implant, another electrode may be deployed in the manner discussed 
above. No movement of the guidewire, or deflation of the balloon is necessary to 
accomphsh re-selection of another implant site. In this embodiment, the proximal end of 
the side rail may be fitted with a fastening member such as snap-fit connectors or other 
suitable connection means to allow the side rail to be temporarily fastened to the 
guidewire, thereby maintaining the distal end of the side rail at a predetermined implant 
site during electrode deployment. This is discussed further below with respect to Figure 
7F. 

Many other embodiments of guidewire may be provided for coupling to an 
electrode assembly, some of which are shown in Figures 7B through 7D. 

Figiwe 7B is a cross-sectional view of a guidewire having a side rail 26b formed 
in an "H" configuration. This view further shows inner lumen 18b having a shape which 
is not circular. This allows for uniform wall thickness in elongated tubular body, 
simphfying the manufacturing process and providing a more stable structure. 

Figure 7C is a cross-sectional view of a guidewire having a side rail 26c formed in 
a "Y" configuration. 

Figure 7D is a cross-sectional view of a guidewire having a side rail 26d formed 
in a "K" configuration. This configuration also includes an inner lumen 18d which is not 
circular, and which has an inner diameter that is offset fi'om the center of the guidewire. 

Figure 7E is a cross-sectional view of a guidewire having a slidable side rail 26e, 
wherein the side rail has a second rail 702 to engage a channel 704 in electrode assembly 
706. The coupling of the channel 704 to the rail 702 prevents the electrode assembly 706 
from twisting or shifting in a lateral direction as it is guided along slidable side rail 26e. 
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Figure 7F is a cross-sectional view of a slidable side rail 26f, and further 
illustrates a clamping mechanism to hold the side rail in a stationary position relative to 
the tubular body of the guidewire. After the distal end of the side rail 26f is positioned at 
a predetermined implant site during a lead implant procedure, clamp 700 may be 
positioned over a proximal portion of both the tubular body 1 5f and side rail 26f. This 
maintains the side rail is a stable position with respect to the tubular body, and prevents 
the side rail from being pushed in a distal direction as the electrode assembly is pushed 
along the side rail. Clamp 700 may be a deformable "C" clamp, or any other type of clip 
mechanism that may be temporarily deformed but that substantially retains an initial 
shape. Other fastening means may be used to temporarily maintain the position of the 
side rail during electrode deployment. 

In all of the embodiments having a sHdable side rail, the side rail may be formed 
of die-drawn MP-35N, die-drawn nitinol, an extruded polyetheretherketone (PEEK) 
polymer (VICTREX® 381G or VICTREX® 450 manufactured by Victrex PLC), or any 

other similar suitable materials. 

Figure 8 is a cross-sectional view of a guidewire without a side rail 26. In this 
embodiment, a longitudinal channel 800 extending from the proximal end of guidewire 
10 to a location on guidewire 10 that is proximal the balloon 300 is provided to engage a 
rail or protrusion 802 that is coupled to, or integral with, the electrode assembly 804. At 
the distal end of channel 800, channel sides are cutaway so that electrode assembly 804 
disengages the channel at this location and is deployed. In this embodiment, movement 
of the guidewire is required to select additional sites of implant. 

In one embodiment of the invention, hollow electrode assembUes may be 
deployed over the guidewire itself According to this method of deployment, one or more 
hollow electrode assemblies are fed over the guidewire with a pusher rod. The pusher 
rod is preferably manufactured from a material having a low friction coefficient and 
possesses high pushability. Suitable materials include PTFE loaded with PEEK, PEEK, 
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FEPj or PTFE. The pusher rod also preferably includes an atraumatic distal tip such as a 
rolled distal tip wherein the material at the end is rolled back upon itself. 

When hollow electrode assemblies are employed with the current invention, a first 
electrode assembly may be positioned at a first implant site along the guidewire 10 that is 
proximal to the inflated balloon 300, but which is more distal than the other implant sites. 
Next, a second electrode assembly may be located along the guidewire at the next most 
distal implant site. This may be repeated for one or more additional electrode assemblies. 
When the electrode assembUes have been positioned, the balloon 300 is deflated and the 
guidewire is pulled through the lumens of the electrode, leaving the electrodes in the 
desired locations. It may be noted that in this embodiment, it is important that the 
fixation mechanism, which in this example is the balloon 300, is isodiametric with 
respect to tubular body 15 so that the electrode positions are not disturbed, and the 
guidewire is easily pulled through the lumens of the electrodes. That is, the balloon 
material must not be inflated such that the sheath 202 exceeds its elastic limit and does 
not retract completely to its original uninflated shaped without any residual deformations. 
As noted above, it is therefore important that the sheath 202 is formed of a material 
having a very high elastic limit. 

In one embodiment of the invention involving guidewire 10 that may have an 
outer diameter of .014 to .018 inches, the guidewire may be employed to deploy one or 
more instances of an over-the-wire lead such as the Model 4193 lead available fi*om 
Medtronic Corporation. In this case, no pusher rod is necessary since the lead is 
sufficiently pushable. 

Figure 9 is a cross-sectional view of a tubular electrode assembly 900 positioned 
over guidewire 10. 

Figure 10 is a plan view of guidewire 10 within a vessel 1002 with multiple 
electrode assemblies positioned at various implant sites prior to deployment of the 
electrode assemblies. A first electrode assembly 1004, which is shown coupled to lead 
1006, is positioned proximal to balloon 300. A second electrode asseihbly 1008, shown 
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coupled to lead 1010, is located more proximal to electrode assembly 1004. Additional 
electrode assemblies may be positioned along guidewire 10. In one embodiment, the 
electrode assemblies may be of different sizes. For example, it may be desirable to 
substantially match the outer diameter of the electrode assembly with the diameter of a 
vessel at the location at which the electrode assembly will be placed. Alternatively, it 
may be desirable to select smaller electrode assemblies to be positioned at the more 
proximal positions on the guidewire. The smaller electrode assembhes are able to 
accommodate the various leads located in the veins that are coupled to the more distally- 
located electrodes. 

Figure 1 1 is a plan view of the current inventive guidewire located within the 
vascular system of a human heart, with electrode assembhes 1 100-1 106, which are of the 
type shown in Figure 10, positioned along the lead body prior to electrode deployment. 

Figure 12A is a cross-sectional view illustrating another embodiment of the 
guidewire that includes a second lumen 72, The second lumen 72 may extend from the 
proximal end of guidewire 10 to a delivery port located distal to balloon 300. The second 
lumen is in fluid communication with an injection port at the proximal end of the 
guidewire that is adapted to receive a syringe. The second lumen may receive fluoro 
visible medium from the injection port, which in this instance is dehvered to the dehvery 
port distal to the balloon when the balloon is inflated. This allows a venogram to be 
taken during electrode deployment, and may aid in navigating the guidewire through the 
venous system. In another embodiment, the delivery port may be located proximal to the 
balloon to provide a view of the vascular system at the locations at which the electrodes 
will be deployed. 

Figure 12B is a cross-sectional view illustrating another embodiment of the 
guidewire of Figure 12 A. In this embodiment, the second lumen 72 is included within 
siderail 26. Therefore, in this embodiment, the dehvery port will be located proximal to 
the balloon. 
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Figure 13 is a top plan view of the guidewire similar to that of Figure 12A 
showing delivery port 1300 distal to balloon 300 for infiising contrast medium into the 
body. As described above, contrast medium is injected via a syringe inserted into 
injection port 1302, which is in fluid communication with second lumen 72 (Figure 12) 
and delivery port 1300. 

The above described embodiments of guidewire 10 include an inflatable member 
to provide the means of fixing the guidewire at a desired implant site. This need not be 
the case. Other retractable fixation mechanisms may be used instead of the balloon for 
this piupose. 

Figure 14A is a side cutaway view of a self-expanding basket-like fixation 
member 1400 formed of braided flexible threads of a suitable implantable material. For 
example, fixation member 1400 may be formed of very fine, braided strands of a material 
such as Nitinol having superelastic properties. Alternatively a cobalt-chromium super 
alloy such as Elgiloy or MP35N may be used for the fixation member. The fixation 
member 1400 is attached via soldering, brazing, welding, or medical adhesive to the 
distal end of an inner tubular member 1402. This first tubular member is shdably 
disposed within an outer tubular member 1404. 

Figure 14B is a plan view of the fixation member 1400 of Figure 14A after the 
fixation member has been deployed. This is accomplished by sliding the outer tubular 
member in a proximal direction, allowing the fixation member 1400 to expand and to 
make contact with the inner walls 1406 of a vessel. 

Together, the inner and outer tubular members 1402 and 1404, respectively, of 
this embodiment comprise tubular member 15 of guidewire 10. Outer tubular member 
1404 of this embodiment may therefore provide side rail 26 (Figure 1), or alternatively, a 
channel for engaging a slidable side rail of the type shown in Figure 7A. Any of the side 
rail embodiments discussed above may be incorporated into a design having this type of 
self-expanding fixation member. 



P-9327.00 



PATENT 



23 

Deployment of the self-expanding fixation member maintains the guidewire at a 
predetermined implant site during an implant procedure without total occlusion of the 
lumen. Following completion of the implant procedure, the fixation member may be re- 
inserted within the outer tubular member 1404 by sliding the outer tubular member in a 
distal direction so that the configuration shown in Figure 14A is again assumed. 

In yet another embodiment, fixation member may assume the form of a radially 
expandable fixation member similar to any of the embodiments shown in U.S. Patent 
Numbers 5,071,407 and 5,833,694 which are incorporated herein by reference in its 
entirety. 

Other scopes and aspects of the current invention will become apparent from the 
description and figures included in Appendix A, which is incorporated herein by 
reference in its entirety. 



